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Abstract 
From March 2013 to December 2014, we conducted a case-control study and inspected 454 residences with asthmatic or non-
asthmatic children from six districts in Shanghai. Carbon dioxide (CO2) were passively measured 24 hours in the child’s bedroom. 
We took the average concentration of CO2 during 00:00 to 06:00 as an indicator for the status of natural ventilation in the child’s 
bedroom during night and investigated its association with childhood asthma. A total of 45.6% (n = 203) residences had CO2 
average concentrations higher than 1000 ppm. The mean CO2 concentration ± standard deviation was 1123 ± 741 ppm (range: 367 
to 4595 ppm). CO2 average concentrations in the residences measured in autumn and in summer were significantly lower than 
measured in winter. No significant differences were found among CO2 average concentrations among Case group and Control 
group in total and in different measured seasons. More deeply analyses were warranted. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
The prevalence of asthma has increased from 2.1% in 1990 to 10.2% in 2011 among 3-7 year-olds children in 
Shanghai [1]. Changes in environmental exposures, especially in the indoor environment, were speculated to be 
strongly associated with the rapid increasing in the prevalence of asthma [2, 3]. Building ventilation, which could 
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effectively reduce indoor air pollution and improve the occupant’s health [4, 5, 6, 7, 8, 9, 10], probably also have been 
reduced along with increasing in the requirement of building energy-saving [11, 12, 13]. For most residences without 
mechanical ventilation, natural ventilation by opening windows and/or doors is a sole method to translate indoor air 
pollutants to outside and improve indoor air quality of the residence. Many studies have been done to evaluate natural 
ventilation rate of the residence and its associations with childhood asthma [7, 9, 10], but few related studies have 
been accomplished in China. Based on a case-control study, we investigated the association between average 
concentration of CO2 in the child’s bedroom, as a proxy of home ventilation status, and childhood asthma in Shanghai, 
China. 
2. Methods 
From March 2013 to December 2014, we conducted a case-control study, which was nested in a cross-sectional 
study (from April 2011 to April 2012), on investigating the associations of home indoor air quality with childhood 
asthma and allergies in Shanghai. Case was defined as children had doctor-diagnosed asthma, and Control was defined 
as children had no doctor-diagnosed asthma ever. Parents reported whether their children had doctor-diagnosed asthma 
both in the case-control study and in the cross-sectional study (phase one). Fig.1 shows the steps for Case and Control 
selection. We considered children who had asthma in both two phases as Case-Case; children who had asthma in 
phase two but no asthma in phase one as Control-Case; children had asthma in phase one but no asthma in phase two 
as Case-Control; children had no doctor-diagnosed asthma in both two phases as Control-Control. We on-site 
inspected 454 residences with asthmatic or non-asthmatic children from six districts in Shanghai city. Carbon dioxide 
(CO2) were passively measured 24 hours (one time per minute) in the child’s bedroom, living room, and ambient 
outdoor by HUMLOG20 (E+E Inc., Austria). This study was approved by the ethical committee in the School of 
Public Health, Fudan University in Shanghai, China.  
 
 
Fig. 1.  Flowchart for selection of cases and controls. 
We compared the number of residences where the average concentration of CO2 in the child’s bedroom during 
night (time: 00:00 am - 06:00 am) was higher than 1000 ppm in different subgroups by Pearson’s Chi-square test, and 
compared the differences of the average concentrations of CO2 among different subgroups by Student’s t test, with 
setting statistical significance in all analysis at p-value < 0.05.  
3. Results and discussion 
Data from a total of 445 residences (263 Control-Control; 96 Case-Control; 16 Control-Case; 70 Case-Case) were 
analyzed, for the measured data of 9 (8.2%; 7 Control-Control and 2 Control-Case) residences missed. Fig. 2a shows 
the distribution of average concentration of CO2 in these groups at different measured date. Most of average 
503 Wei Liu et al. /  Procedia Engineering  121 ( 2015 )  501 – 505 
concentrations distributed from 500 ppm to 2000 ppm, and few of residences had CO2 average concentrations higher 
than 3000 ppm. A total of 45.6% (n = 203) residences had average concentrations of CO2 higher than 1000 ppm which 
is the upper limit for indoor daily-averaged CO2 concentrations in the China’s Indoor Air Quality Standard [14]. The 
mean CO2 concentration ± standard deviation in all dwellings was 1123 ± 741 ppm (range: 367 to 4595 ppm). CO2 
average concentrations in the residences measured in autumn and summer were significantly lower than in the 
residences measured in winter (Fig. 2b).  
 
 
Fig. 2. Distribution of average concentration of CO2 in the child’s bedroom during sleeping in night (00:00-06:00) from (a) different subgroups  
(b)and different seasons. 
Table 1 shows Status of CO2 average concentration for different items. In the analyses for different subgroups, 
Control-Case and Case-Case were merged as Case because the sample size of Control-Case was small. Although the 
frequency of the residences with CO2 average concentrations higher than 1000 ppm among Case children were higher 
than among Control-Control children in winter and summer, No significant differences were found among CO2 
average concentrations and percentiles in different subgroups in total and in different measured seasons. 
Table 1. Status of average concentration of CO2 in the different situations. 
Items Sample size N (%) 
>1000 ppm  
N (%)a) p-value
b) Mean ± SD (ppm) p-value
c) Min (ppm) 
Percentile (ppm) Max 
(ppm) 25% 50% 75% 
Subgroups in total 
Control-Control 263 (59.1) 117 (44.5)  1102 ± 694  367 618 902 1380 4595 
Case-Control 96 (21.6) 47 (49.0) 0.452 1199 ± 795 0.261 368 589 930 1625 4053 
Case d) 86 (19.3) 39 (45.3) 0.889 1104 ± 821 0.989 367 501 878 1376 4069 
Measured in Winter 
Control-Control 61 (66.3) 32 (52.5)  1270 ± 807  377 742 1026 1538 4595 
Case-Control 14 (15.2) 10 (71.4) 0.197 1592 ± 993 0.178 534 868 1187 2240 4053 
Case d) 19 (18.5) 10 (58.8) 0.642 1178 ± 587 0.678 453 761 1048 1464 3006 
Measured in Autumn 
Control-Control 75 (74.2) 30 (40.1)  1020 ± 682  371 517 814 1291 3681 
Case-Control 12 (11.9) 5 (41.7) 0.913 981 ± 568 0.854 368 432 879 1544 1975 
Case d) 14 (13.9) 5 (35.7) 0.763 1034 ± 782 0.944 377 382 549 1946 2368 
Measured in Summer 
Control-Control 52 (41.9) 20 (38.5)  999 ± 556  380 617 797 1235 3311 
Case-Control 45 (36.4) 20 (44.4) 0.551 1154 ± 781 0.274 374 563 860 1685 3380 
Case d) 27 (21.7) 11 (40.7) 0.844 985 ± 775 0.931 367 463 832 1285 3937 
Measured in Spring 
Control-Control 75 (58.6) 35 (46.7)  1120 ± 677  367 648 958 1439 3814 
a b 
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Case-Control 25 (19.5) 12 (48.0) 0.908 1164 ± 761 0.805 379 648 922 1489 3832 
Case d) 28 (21.9) 13 (46.4) 0.983 1207 ± 1006 0.611 377 485 847 1520 4069 
a) It means that the average concentration of CO2 in the child’s bedroom is higher than 1000 ppm; b) Pearson’s Chi-square test, take the first one as 
reference in different items; c) Student’s t test, take the first one as reference in different items; d) Includes Control-Case and Case-Case. 
  
Comparatively, 68.0%, which is notably higher than 45.6% in the present study, of the mean CO2 concentration in 
the child’s bedroom in Denmark [11] were higher than 1000 ppm. It seemingly indicated the natural ventilation status 
of Shanghai residences could be better than Denmark and there are about half of residence in Shanghai do not meet 
the requirement of national standard [14] for indoor ventilation, which indicated by CO2 average concentrations in the 
present study, in the residences during night. Besides, we did not find any significant differences of CO2 average 
concentrations among residences with or without asthmatic children. This also might suggested parents in Shanghai 
had aware of natural ventilation in the child’s bedroom during sleeping whether their children had health problems or 
not, especially in summer and autumn when the outdoor air temperature is comfortable. However, the limit of sample 
sizes and measurement accuracy (± 50 ppm) for CO2 concentration also may influence the results. More deeply 
analyses were required. In the next step, we will take CO2 as tracer-gas to calculate air-exchange rate of the child’s 
bedroom during night with basing on mass conservation law, and directly investigate indoor ventilation status and 
childhood asthma and related diseases/symptoms.  
4. Conclusions 
About half of residences in Shanghai do not meet the requirement of national standard in the indoor ventilation 
during night. More analyses for associations of indoor ventilation during night with childhood asthma were required. 
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